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RADIOGRAPHIC EVALUATION OF ACCURACY OF SURGICAL
STENT FOR IMPLANT PLACEMENT IN KNIFE EDGE POSTERIOR
MANDIBULAR RIDGE IN CASES OF RIDGE SPLITTING
Fardos Nabil Rizk* and Engy Ali Abdelhaleam**
ABSTRACT
Aim: This study was conducted to evaluate the efficacy of using conventional surgical
stents guided by cone beam computed tomography in determining the position and buccolingual
inclination of implants placed in posterior mandibular knife edge ridge in cases of ridge splitting
with and without bone grafting material.
Materials and Methods: The study was conducted on sixteen implants placed bilaterally in
posterior knife edge mandibular ridge of four patients, where each patient received four implants
in the form of two in each side. Implants on the right side of the ridge were placed following ridge
splitting and bone grafting (group A). Implants on the left side of the ridge were placed following
ridge splitting without bone grafting (group B). All implants were placed using conventional surgical
stent guided by cone beam computed tomography for determining the proposed mesiodistal position
and buccolingual inclination of implant fixtures. On the 3D axial and coronal cut of the cone beam
computed tomography, the accuracy of using surgical stent for proper mesiodistal position and
proper buccolingual inclination of each implant in relation to inclination of the lingual plate was
evaluated in both groups.
Results: The difference between mesiodistal preoperative proposed implant position and
postoperative implant position in each of the two groups was not statistically significant. However,
regarding buccolingual inclination the difference between inclination of implant and inclination of
the lingual plate was not statistically significant in group A with bone grafting while, the difference
was highly statistically significant in group B without bone grafting.
Conclusion: Using conventional surgical stents guided by cone beam computed tomography
aids in accurate determination of implant position even in cases of ridge splitting. However, it helps
in insertion of implants with proper buccolingual inclination only in cases of ridge splitting with
bone grafting.
KEYWORDS: Cone beam computed tomography, ridge splitting, bone grafting, surgical stent.
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INTRODUCTION
Osseointegrated implants are a practical alternative to traditional prosthodontics. Lower mandibular
knife edge ridge requires regenerative procedures to
successfully accommodate implants. Ridge splitting
is a procedure used to expand the narrow ridge bone
by separating the buccal and palatal plates. The result is an increase of the horizontal ridge width, provided that the buccal and lingual cortical plates are
not fused and some intervening cancellous bone is
present, with adequate vascularity and stabilization
of the mobile bone segment. 1-5
Ridge splitting can be done with or without bone
grafting. In the past, onlay grafts of bone harvested
from the hip, maxillary tuberosity, symphysis of the
chin or external oblique ridge have all been used
with success in reconstruction of atrophic ridges.6
Recently, various alloplastic bone substitution
materials of different origin, chemical composition,
and structural properties are present. The materials
commonly used in all approaches are ceramics such
as hydroxyapatite, tricalcium phosphate, calcium
phosphate cement, polymers or composite.7
Designing an implant-supported prosthesis
that fulfils biologic, aesthetic and biomechanical
requirements is a challenge.8 For successful
implant supported prosthesis the Prosthodontist
should plan the implant position in accordance to
the final restoration together with mesiodistal and
buccolingual angulation of the residual bone.9, 10
The desire for predictable prosthesis led to the
development of prosthetically guided implantology.
This concept establishes the correct implant
position during the diagnostic stage according to
planned definitive restoration. In prosthetically
guided implantology the use of surgical stent in
conjunction with dental computed tomography
can play an important role. The dental computed
tomography scan enables the dental team to identify
specific sites of prospective implant surgery and
hence determines the optimal position with accurate
mesiodistal and buccolingual angulation of implant
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relative to occlusal load and remaining alveolar
bone. The surgical stent is used during implant
placement to locate optimal implant site. Aided by
stent the surgeon can avoid undesirable implant site
preparation and minimize unnecessary osteotomy,
resulting in favorable design of prosthesis, reduced
surgical trauma, reduced surgical time and increased
patient comfort.11, 12 Stents should be made of
transparent material, be stable and rigid when in
position, cover enough teeth to stabilize its position,
and when no teeth are present, stents should extend
onto unreflected soft tissue regions.13
With the use of computed tomography (CT) and
computer aided designing (CAD)/ computer aided
machining (CAM) technology, it is now possible to
construct a surgical implant stent that would allow
the clinician to predetermine implant locations
virtually and surgically place them without reflecting
a tissue flap.14-17 But, the surgical stents prepared
with CT and CAD/CAM technology are much
more cost effective than a conventional surgical
stent and require enough time, special center and/
or laboratories for their fabrication and later on their
correction, if required.18 In this study, we used the
conventional surgical stents guided by cone beam
computed tomography (CBCT) to determine the
position and buccolingual inclination of implants
placed in posterior mandibular knife edge ridge
in cases of ridge splitting with and without bone
grafting material.
MATERIALS AND METHODS
I- Patient selection
The present study was conducted on four
patients, where four implants were inserted for each
patient in the form of two implants in each side
making a total of sixteen implants. All cases had
knife edge posterior mandibular ridge and needed
ridge expansion. All patients were selected from
the outpatient clinic, Faculty of Oral and Dental
Medicine, Cairo University. Inclusion criteria
indicated ridge width about 3 mm and height more
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than 10 mm to provide stabilization of the fixture.
Patients were excluded if they suffered from
any bone pathology, systemic diseases that may
prevent surgery, affect bone quality or contribute
to bone resorption, insufficient inter-arch space,
tempromandibular joint disorders, clenching and
bruxism or radiation to the head and neck area.
II- Group randomization
The sixteen implants (SIC Dental implant, Basel,
Switzerland) having width 3.4mm and height 13.5
mm were divided as follows
Group A:
Eight implants in the form of two implants for
each patient to be inserted in the right side of the
ridge after ridge splitting and placement of bone
grafting material (SIC b-oss, Grain size 0.5-1.0 mm,
Basel, Switzerland).
Group B:
Eight implants in the form of two implants for
each patient to be inserted in the left side of the
ridge after ridge splitting without bone grafting.
III- Construction of the working models
Fabrication of a transparent surgical stent with
sufficient height for guiding the mesiodistal position
and buccolingual inclination of implant fixtures:
An alginate impression was taken for both
maxillary and mandibular arches of the patients and
study models were transferred to a simple hinge
articulator for analysis. On the lower cast transparent
clear acrylic resin (Vertex Rapid Simplified;
Vertex-Dental BV, Zeist, The Netherlands) surgical
stent was fabricated with height two thirds the
occlusogingival height of the proposed restoration
so as to achieve 6–8 mm length of drill channel to
be used for guiding the buccolingual inclination
of implant fixtures as well as mesiodistal position
(Fig.1). 18

Fig. (1) Clinical photograph showing the cast and a transparent
surgical stent fabricated on it.

IV- Preoperative radiographic examination
Cone beam radiographic scanning was performed
for the preoperative examination (Scanora® 3D
with AutoSwitchTM, Soredex, Helsinki, Finland).
CMOS flat panel detector with isotropic voxel
size 133 Um was used. The focal spot size was 0.5
mm and with slice thickness of 1mm. Exposure
parameters were 85 kVp, 16 mA with scanning
time of 10 seconds pulsed exposure resulting in an
effective exposure time of 3 seconds. The (field of
view) FOV was 7cm height x 14.5cm width x 10cm
depth. FOV adjustment was guided by three laser
light beams to centralize the area of interest within
the scanning field. The primary reconstruction time
for the DICOM data set was 2 minutes. The DICOM
data set images was imported to the OnDemand 3D
software for secondary reconstruction (OnDemand
3DTM software, version 1.0.9, Cybermed Inc.,
Korea).
Linear measurements were performed according
to a protocol that was tested elsewhere for inter and
intra-observer agreement and showed statistically
non-significant differences between the observers. 19
The images were analysed to assess the
buccolingual width of the edentulous ridges and
length by measuring bone height from the most
superior aspect of inferior alveolar canal to the most
superior aspect of alveolar crest (Fig. 2).
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The initial position of each implant was
determined by measuring the length from a point on
a predetermined landmark to the proposed implant
site on the 3D Axial cut of the CBCT (Fig .3).
V- Modification of the surgical stent for guiding
the position and axis of implant fixtures
According to the linear measurements obtained
from axial cut of CBCT, the calibre was used to
mark the drilling hole on the surgical stent seated
on the cast for guiding the proposed mesiodistal
position of implant fixtures. (Fig.4). The surveyor
table was adjusted to follow the proper buccolingual
inclination determined from the CBCT coronal cut.
The surveyor was then used to drill a hole into the
stent having the same width of the pilot drill to guide
the proper buccolingual inclination of the proposed
implant fixture (Fig. 5).

Fig. (2) Snapshot of the implant planning screen.

VI- Surgical procedure
The stent was inserted intraoral and the pilot drill
was used to mark the initial position of the proposed
implant site then it was used to prepare the proposed
implant site with proper inclination as guided by the
stent. The stent was then removed and the position
checked. Ridge splitting was started using low speed
rotary disc to bisect the ridge crest and separate the
cortical plates then splitting was completed using
osteotomes and a mallet was used to advance the
different sizes of osteotomes through the bone until
buccal and lingual plates were separated sufficiently
(Fig.6). Implant site preparation was completed
using round, tapered implant drills to the full length
and width where the spongy bone maintained the
initial drilling site made by the pilot drill regardless
of the buccal and lingual plate splitting.
The fixtures were placed in position and screwed
to the desired depth using the ratchet. Fixtures were
covered by the covering screw. In “group A” the gap
created between the buccal and lingual plate of bone
was filled with bone graft (ridge splitting with bone
grafting). In “group B” the gap created between the

Fig. (3) Snapshot representing the measurement of the length
from the first premolar to the proposed implant site on
the axial cut of the CBCT.

Fig. (4) A photograph showing the determination of initial
implant position using the calibre according to the
linear measurements gained from axial cut of CBCT.
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buccal and lingual plate was left to be filled with
blood to form blood clot and then become organized
to bone (ridge splitting without bone grafting). The
wound was then closed by interrupted sutures.
VII- Prosthetic procedure
Implants were loaded 6 months after ridge
splitting and implant placement. Rotary tissue
punch with low speed contra was used to expose the
healing screw of each implant and then the healing
screw was removed using the screw driver. Gingival
collar (SIC system Basel, Switzerland) was screwed
onto each implant using screw driver to guide the
healing of the gingiva around it. After about 10 days
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of gingival collar placement the healing collar was
removed and the gingiva was inspected. The transfer
coping (SIC system Basel, Switzerland) was then
screwed onto the implant using the screw driver
(Fig. 7). Medium rubber base impression material
(Coltene Whaledent, Switzerland) was mixed with
its activator, placed in special acrylic tray and an
impression was taken. The transfer coping was
afterwards unscrewed from each implant using the
screw driver, screwed to its implant analogue (Lab
implant made of stainless steel, SIC system Basel,
Switzerland) and placed inside the impression in its
imprinted place (Fig. 8).

Fig. (5) A photograph showing drilling a hole in the stent using
the surveyor.

Fig. (6) A clinical photograph showing initial position of the
implant site and separation of the buccal and lingual
cortical plates

Fig. (7) Clinical photograph showing the transfer coping placed
on the implant fixture

Fig. (8) Clinical photograph showing the impression with the
transfer coping placed in it, connected with the implant
analogue.
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Try in of the prosthesis was inspected inside
the patient’s mouth for complete fitness over the
abutments and proper occlusion free of any point of
elevation. Porcelain facing of the metallic prosthesis
was carried out, then it was delivered to the patient
and cemented on the abutment (Fig. 9).
V- Postoperative follow up of patients
Radiographic examination was performed
postoperatively using the same CBCT machine.
The scanning parameters were also the same as
preoperatively.
In the software there are 3 orientation lines which
guide the slice direction. Those lines are axial,
coronal and sagittal lines, which were adjusted and
modified to produce what is called corrected coronal
or corrected cross sectional cuts revealing the buccolingual and apico-coronal height of the implant and
also corrected sagittal cut revealing the mesio-distal
and apico-coronal height of the implant.
On the 3D axial cut of the CBCT the linear
length from a point on a predetermined landmark to
the implant site was measured in mm to evaluate the

Fig. (9) Final prosthesis in the patient’s mouth
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accuracy of using the surgical stent in mesiodistal
position of each implant (Fig.10).
On the 3D coronal cut of CBCT the sagittal
orientation line was adjusted along the long axis
of the implant and the angle of inclination was
recorded (Fig. 11) while, on the same 3 Dcoronal
cut the sagittal orientation line was moved and
adjusted along the long axis of the lingual plate and
the angle of inclination was recorded in degrees to
evaluate the accuracy of using the surgical stent in
buccolingual inclination of each implant (Fig. 12).
The resulting data was collected for statistical
analysis. Description of variables was in the form
of mean and standard deviation (SD). Data was
explored for normality using Kolmogorov-Smirnov
test of normality. The results of KolmogorovSmirnov test indicated that most of data was
normally distributed (parametric data) so parametric
tests were used for the comparisons. Comparison
between quantitative variables was carried out by
Student t-test of two independent samples. Results
were expressed in the form p-values that were
significant when p-value was ≤ 0.05.

Fig. (10) Snapshot of the corrected axial cut with linear
measurements from a known anatomical landmark to
the implant site.
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Also by comparing both groups, the difference

was not statistically significant (Table 2, Fig. 13).

TABLE (1) Accuracy of the surgical stent in mesio-

distal positioning of implants in each
group.

Pre C (mm)

Post C (mm)

Range

5 to 20

2 to 20.3

Mean ±SD

13±5.701

12.3±6.644

Group A (Ridge splitting with bone grafting)
Fig. (11) Snapshot of the corrected coronal cut with angular
measurements on the adjusted orientation line along the
long axis of the implant.

t value

0.3198

p value

0.7513 ns

Group B (Ridge splitting without bone grafting)
Range

5 to 20

5.2 to 22.8

Mean ±SD

10.29±5.5

11.8 ±6.05

t value

0.4658

p value

0.7387 ns

Student’s t-test

TABLE (2) Accuracy of the surgical stent in mesio-

distal positioning of implants in relation
to groups.

Fig. (12) Snapshot of the corrected coronal cut with angular
measurements on the adjusted orientation line along the
long axis of the lingual plate.

Group A
(Ridge splitting
with bone grafting)

RESULTS
Linear measurements obtained from CBCT
axial cut to determine the proposed implant
position preoperatively was compared to the
linear measurements obtained from CBCT axial
cut postoperatively to evaluate the accuracy of the
surgical stent in mesio-distal positioning of each
implant. The comparison revealed that the difference
between preoperative implant position (Pre C) and
postoperative implant position (Post C) in each of
the two groups was not significantly different (Table
1, Fig.13).

Range

Mean ±SD
t value

p value
Range

Mean ±SD
t value

p value
Student’s t-test

Pre C (mm)

Group B
(Ridge splitting
without bone
grafting)

5 to 20

13±5.701

1.3684

5 to 20

10.29±5.5

0.1813 ns

Post C (mm)

2 to 20.3

12.3±6.644

0.2226

0.8254 ns

5.2 to 22.8
11.8 ±6.05

(8)
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Angular measurements obtained from CBCT
coronal cuts to determine the inclination of the
implant was compared to the angular measurements
obtained from CBCT coronal cuts to determine
the inclination of the lingual plate to evaluate the
accuracy of the surgical stent in bucco-lingual
positioning of each implant. The comparison
revealed that the difference between inclination
of implant and inclination of the lingual plate was
not statistically significant in group A with bone
grafting while, the difference was highly statistically
significant in group B without bone grafting (Table
3, Fig 14).
By comparing both groups, the difference was
not statistically significant (Table 4, Fig. 14).

Fig. (13) Accuracy of the surgical stents in mesio-distal
positioning of implants in both groups.

TABLE (4) Accuracy of the surgical stents in bucco-

lingual inclination of implants in relation
to groups.

TABLE (3) Accuracy of the surgical stents in bucco-

lingual inclination of implants in each
group.
Inclination of
the implant
(degrees)

Inclination of
the lingual plate
(degrees)

Group A (Ridge splitting with bone grafting)

Group A
(Ridge splitting
with bone
grafting)

Group B
(Ridge splitting
without bone
grafting)

Inclination of the implant (degrees)
Mean

24.494

23.41

12.056

4.642

Mean

24.494

25.892

SD

SD

12.056

13.55

Min

5.54

4.39

t value

0.271144

Max

35.07

38.82

P value

0.795367 ns

t value

1.660274

p value

0.172197ns

Group B (Ridge splitting without bone grafting)
Mean

23.41

26.146

SD

4.642

4.8153

Min

16.65

19.56

Max

29.24

31.68

t value

8.793

P value

0.00012**

Inclination of the lingual plate (degrees)
Mean

25.892

26.146

SD

13.55

4.8153

t value

0.219402

P value

0.833611ns
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laboratories for their fabrication. However, the stent
used in this study is known for its surgical ease,
simplicity, precise accuracy and low cost. It can
be fabricated with minimum laboratory procedures
which are used in routine dental practice.

Fig. (14) Accuracy of the surgical stents in bucco-lingual
positioning of implants in both groups.

DISCUSSION
In this work the initial position of each implant
was determined by measuring the length from a
point on a predetermined landmark to the proposed
implant site on the axial cut of the CBCT. This was
accompanied by fabrication of a transparent surgical
stent and a calibre was used to mark the drilling hole
on the surgical stent seated on the cast for guiding the
mesiodistal position of implant fixtures. There was
no significant difference in preoperative proposed
implant position and postoperative implant position
in each of the two groups. This is in accordance with
other literatures where it is well documented that
the implants placed using stents are more accurately
positioned than those without the stent.20-21 In a
study evaluating the efficacy of diagnostic and
surgical acrylic resin stent in conjunction with
3D imaging in determination of the position of
dental implants, Talwar et al., 22 concluded that
the technique of combined use of a prosthodontic
stent and 3D imaging is an efficacious and better
technique in achieving an ideal position of dental
implants as compared to conventional techniques
using periapical and panoramic radiographs. Pal
et al., 18 stated that surgical stents prepared with
CBCT and CAD/CAM technology are much more
cost effective than conventional surgical stents
and require more time and special centre and/or

Also in our study we used stent of height two
thirds the occlusogingival height of the proposed
restoration so as to achieve 6-8 mm length of drill
channel as this enables the dentist to achieve both
mesiodistal and buccolingual parallelism with a
single stent as proved by Pal et al.18 Akca et al., 11
suggested a method to fabricate stent with a 4 mm
flat plate to achieve mesiodistal parallel placement
of multiple implants but this stent could not
determine the buccolingual orientation of implant.
Moreover, Choi et al., 23 demonstrated that a 4 mm
channel length is not sufficient to control implant
angulation.
The angular measurements obtained from
CBCT coronal cuts to determine the buccolingual
inclination of the implant in relation to the lingual
plate inclination revealed that the difference between
buccolingual inclination of implant and inclination
of the lingual plate was not statistically significant
in group A with bone augmentation where the
space left after ridge splitting between buccal
and lingual plate was filled with bone graft which
gave more stability to implant direction preserving
the proper buccolingual inclination. While, the
difference between buccolingual inclination of
implant and inclination of the lingual plate was
highly statistically significant in group B without
bone augmentation where the space left after ridge
splitting between buccal and lingual plate was not
filled with bone graft and the intervening cancellous
bone was not enough to preserve the proper
buccolingual inclination. This means that after
ridge splitting the initial inclination of the implant
determined by the stent may be affected if the space
between buccal and lingual plate was left to heal
without bone grafting substitute

(10)
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CONCLUSION
Within the limitations of this study it could be
concluded that:
1- Using conventional surgical stents guided by
CBCT linear measurements helps to transfer the
proposed implant site to the clinical situation
with subsequent accurate implant insertion even
in cases of ridge splitting.
2- Using conventional surgical stents guided
by CBCT helps in insertion of implants with
proper buccolingual inclination in cases of ridge
splitting with bone grafting and could substitute
the surgical stents prepared with CT and CAD/
CAM technology.
3- Surgical stents prepared with CT and CAD/
CAM technology is recommended for insertion
of implants with proper buccolingual inclination
in cases of ridge splitting without bone grafting.
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